By an improved method of hydroxylapatite chromatography, the reassociated sequences of chick nuclear DNA were isolated, and their base composition analysed. By increasing the amount of reassociation, the G + C content of the renatured sequences decreased progressively to reach a mean value corresponding to that of the total DNA. In order to study the distribution o^ the families, or group of families having different amount of reassociation, DNA was fractionated by CsCl density gradient centrifugation; Fractions having different G + C content were obtained, and their reassociation rates analysed. At high C o t value of renaturation (C o t-50) the amount of reassociated sequences included in the high or in the low buoyant density DNA fractions was approximately the same, but their G + C content was as expected different. At lower C o t values of renaturation (between C o t of 0.2 and the C o t of 10), the r^ults indicated an heterogeneity of the repeated sequences in the A + T rich DNA fractions, as compared to the G + C rich ones.
INTRODUCTION
Part of the Eukaryote genome is composed of repetitious DNA sequences which are characterized by their rate of reassociation. ' Exemples of such sequences are provided by the distinct nuclear satellite DNA's which have been isolated from the DNA of several species. ' ' In species with no distinct satellite DNA a discrete class of repetitious DNA was found burried within the main band DNA. Recently it was demonstrated that in the human genome, the most rapidly renaturing sequences constitutes IOjt of the genome and appear closely spaced, 7 while the slowly reassociating sequences are dispersed.
In our experiments using a modified technique of hydroxylapatite chromatography and direct base composition analysis of nuclear DNA from chick fibroblast cells, we are investigating the distribution of repetitious DNA with different frequencies of repetition among DNA fractions having different G + C content. Finally we are reporting the isolation of single stranded DNA from native DNA.
MATERIALS AND METHOOS
Cell culture : Secondary chick fibroblast were grown and labeled for approximately thrse cell generation in Roux bottles, with Eagle's medium minus inorganic phosphate, ICflt calf serum prealably dialysed against the phosphate fres medium and 50uCi/ml carriBr free P (Saclay).
Isolation of DNA.
-Q Nuclei were isolated as described by Fernandez The specific activity dstermined by counting aliquots in a liquid scintillation spectromstsr was about 1.5x10 cpm/ug DNA.
Preparative density gradient centrifugation.
Nuclear DNA (200 yg) was sheared with a calibrated nesdls BD 26 using 10 strokes with a 5 ml syringe, and dissolved in CsCl in 0.01 M Tris (pH 8.5), plus 2 mM EDTA to make the density approx. 1.7 g/ml.
Placed in tubes suitable for the 50 Ti rotor of the model L ultracentrifuge, overlayed with paraffin oil, and centrifuged at 33000 rev./min. at I8°C for 72 hr. The tubes were pierced at the bottom with a needle and fractions were collected. For isolation of the fractions differing in G + C content, aliquots were taken and their buoyant densities measured by the analytical density gradisnt centrifugation as previously described
The fractions with the same buoyant density werB pooled, dialysed against NaCl 0.014 M, Tris 0.01 M (pH 7.8), EDTA 0.002 M, and their final buoyant density determined by the analytical density gradient centrifugation.
Improved method of hydroxylapatite fractionation.
Previous investigators ' ' found that the doubls stranded DNA elutes at 0.25 M phosphate buffer pH 6.9, whereas the single stranded DNA elutes at 0.15 M. In the present study elution was carried on at pH 7.65 where the separation of the single and the double stranded DNA is greatly increased. Instead of column chromatography, a procedure which facilitates the processing of relatively large number of samples was used. Aliquots of the labeled DNA to be analysed, were diluted to 4 ml with NaCl 0.10 M, EDTA 0.001 M, and mixed with 0,5 g. of hydroxylapatite (Biorad laboratories). Adsorption was achieved by gently shaking at room temperature for 5 min. The hydroxylapatite was pelleted by low speed centrifugation, and the supemate collected. Hydroxylapatite was then washed twice by the same procedure, with 0.01 M phosphate buffer pH 7.85.
Step-wise elution of the different secondary structure of the DNA was performed by resuspending the hydroxylapatite pelle.t in 4 ml phosphate buffer of increasing molarities. The tubes were incubated in a water bath at 56°C for 8 min. with intermittent agitation.
Hydroxylapatite was again pelleted by low speed centrifugation at room temperature, and the supemate collected. The process was repeated twice for each given concentration of the phosphate buffer.
Carrier DNA was added to aliquots of each step-eluted fraction, and cold trichloroacetic acid (TCA) was added to bring the final concentration to 5%. After incubation of 10 min. in an ice bath, the acid precipitable material was collected by filtering through whatman glass fibre paper GF/B. Each tube was washed twice with 4 ml of TCA 5%, which was pourBd into the filters. The filters were dried and the radioactivity determined in a liquid scintillation spectrometer.
The results were normalized by adding the values of the radioactivity recovered in the two successive supernates at each elution step, and expressing the sum as per cent of the total radioactivity recovered from the elutions. Provided the pH of the phosphate buffer was carefully controlled, reproducible results were obtained in all assays, and about 95$ of the radioactivity was recovered.
Renaturation of the DNA.
DNA was sheared by passage of 2 ml DNA solution (100 ug/ml) in a 5 ml syringe through a ED 26 gauge syringe needle with a maximum pressure applied 10 times by hand.
Denaturation of DNA: Alkaline denaturation was used. To B parts Df DNA solution at room temperature, was added one part of 1.0 M NaOH. After 15 min. incubation at room temperature, the solution was cooled to 0°C and one part of cold 2.0 M NaHgPQa was added to neutralize the solution.
The denatured DNA solution was used within one hour.
Renaturation of DNA: The rate of renaturation of DNA, was followed by the elution from the hydroxylapatits as described above, after incuba- The paper was cut after determining the U.V. spots corresponding to the migration of carrier nucleotides, and counted in a liquid scintillation spectrometer.
RESULTS
Fractionation of DNA by an improved method of hydroxylapatite chromatography.
The secondary structure of native or alkali denatured nuclear DNA was analysed by using a modified technique of hydroxylapatite chromatography. Native DNA isolated as described in materials and methods, and analysed by the hydroxylapatite chromatography, contained two eluted fractions; a major one with a main peak of elution at 0.55 M phosphate buffer pH 7.85, and a small one, corresponding to about 2% of the total which was constantly eluted with a main peak of elution at 0.15 M as the denatured DNA ( (see table 2 ) . Finally, the hydroxylapatite elution profiles (Fig. 4) of the separated DNA fractions obtained by density gradient centrifugation, showed that only the high buoyant density DNA contain a fraction which was eluted as single strandBd DNA. These results, confirm our previous data obtained by other 23 procedures with DNA from other animal cells.
Reassociatlon of chick nuclear DNA.
The nuclear DNA used in these studies was sheared as described Nuclear DNA renatured at different C o t values was analysed by hydroxylapatite chromatography as shown in Fig. 2 . Fractions eluted at 0.15-0.20 M and 0.50-0.60 M phosphate buffer, which correspond to unrenatured and renatured DNA sequences respectively, were pooled and the base composition was determined on aliquots. After enzymatic hydrolysis to 5 '-deoxyribomononucleotides and high voltage electrophoresis, over 9 7 % of the radioactivity present in the hydrolysate, migrated with the four 5'-deoxyribomononucleotides added as ultraviolet markers. In order to study the distribution of these different families of repeated sequences, the DNA was fractionated by centrifugation to equilibrium in CsCl (Fig. 3 ) . DNA fractions having similar buoyant densities were pooled and dialysed as described in materials and methods. (table 2) were determined by degradation to 5'-mono nucleotides by the combined action of pancreatic deoxyribonuclease and snake venom phosphodiesterase followed by high voltage paper electrophoresis. The G + C contents of the different fractions was linearly related to their density satisfying the equation previously described. Nuclear DNA unfractionated and fractionated by CsCl density gradient centrifugation as shown in Fig. 3 , was analysed by the hydroxylapatite chrometography as shuwn in Fig. I Between the C o t of 10 and the C o t of 50, the amount of reassociation increased by 17% and the G + C content of the reassociated sequences obtained at t*-s C o t of 50 decreased to reach approximately the sa-ne value as the original fraction. This indicates that the high buoyant density DNA fractions, consists of probably one ?r several families of highly repeated sequences with the same G + C content and with the same frequency of repetition. Another family of less repeated sequences with probably less G + C content appears to be also included in this DNA fraction.
Density of f r a c t i o n s g./ml
1.708
1.700
1.696 content, after renaturation and fractionation by the hydroxylapatite chromatography.
DNA fractions having different buoyant densities (Fig. 3) were renatured at different C o t and chromatographed on hydroxylapatite. Fractions eluted a t the phosphate buffer molarities corresponding to the renatured sequences as plotted in f i g . 5, were pooled and the base composition determined on aliquots as described in materials and methods.
The amounts of reassociation of the low buoyant density fraction (having a G + C content of 36.9%) increased from 5 to 32% between the C o t of 0.2 t o the C o t of 10 respectively, and a very slight increase was observed between the C o t of 10 and t h e C o t of 50. The G + C content of the sequences reassociated at the different C o t values, varied from 40.0 to 37.5% (table 3 ) . This indicates that t h i s ' f r a c t i o n unlike the G + C rich one, consists of several families of repeated sequences, having different G + C content. The amount of reassociation of the main band DNA fraction ( having a G + C content of 40.2%), showed the lowest r a t i o of redundant sequences (8% a t C o t of 2) but the repeared sequences represented as much as 25% of the fraction at a C o t of 50. The G + C content of the reassociated In the present investigations we are also reporting evidences for a single stranded DNA within the chick genome. The relative amount of this single stranded ONA appears to be related to the buoyant density 23 of the DNA. Thus confirming our previous results in other animal cell.
The origin of this single stranded DNA is so far unknown, its existence 24 25 has been postulated in bacteria and in mammalian cells It was related to the newly synthesized DNA, but its amount do not increase when chick cells were synchronized and the DNA pulse labeled.
A model was proposed for the recognition sites needed for control 27 purposes of higher organisms where it was suggested that those sites might represent unpaired single stranded DNA streches of double stranded DNA. Recently it was reported that nucleolar DNA contain a G + C rich no DNA fraction in a single stranded form.
In the present work, and according to the G + C content of the single stranded DNA we obtained, i t i s suggested that DNAs other than nucleolar DNA can be found in the single stranded form.
